Campylobacter-like organisms were isolated from the liver, duodenum and caecum of broiler and layer chickens, and from humans with gastroenteritis. They formed a unique DNA homology group and a polyphasic taxonomic analysis was made of 16 strains. Analysis of the nucleotide sequence of the 165 rRNA gene from seven of the strains identified them as belonging to a single species, within the genus Helicobacter. This conclusion was supported by the studies of relative DNA homology and of total protein electrophoretic patterns. The new species could be biochemically differentiated from other helicobacters and its ultrastructure in the electron microscope was typical of the genus except that the flagellum was not sheathed. We propose the name Helicobacterpullorum sp. nov. for this group. Like H. fennelliae or H. cinaedi it represents another non-gastric urease-negative Helicobacter species colonizing the lower bowel. Its isolation from the livers of chickens with vibrionic hepatitis is significant. We describe a species-specific PCR assay for H. pullorum sp. nov. which will facilitate its identification and further studies of its epidemiology.
INTRODUCTION
The rRNA homology group VI defined by Vandamme e t al.
(1 991) contains the genera Helicobacter, Campylobacter, Arcobacter and Wolinella in addition to several other poorly defined groups such as ' Flexispira '. The species of greatest current interest are Helicobacter pylori (Blaser, 1993) , which is associated with gastroduodenal disease of man (Blaser, l990), and Campylobacter jejttni, the most common bacterial pathogen causing gastroenteritis in man (Stern, 1993) . Helicobacter species are largely associated with specific niches in the gastrointestinal tract of mammalian and avian hosts. For example, H. pylori, H. mtrstelae and H. felis were isolated from gastric mucosa, and cause gastritis in their respective hosts. Other species (for example, H. cinaedi and H. fennelliae) can be isolated from human lower-bowel tissue, and are enteric Abbreviation : CLO, Campylobacter-like organism.
pathogens. The genus Helicobacter is currently composed of 11 named species, the most recently defined being H. canis (Stanley etal., 1993) , H. hepaticus (Fox etal., 1994) and H. pametensis (Dewhirst e t al., 1994) .
Campylobacter-like organisms (CLOs) were identified in the late 1970s and early 1980s as important rectal and intestinal pathogens in homosexual men (Mishu e t al., 1993) . Two of these three CLOs were subsequently placed in the species Campylobacter cinaedi (CLO-1A) and C. fennelliae (CLO-2) (Totten et al., 1985) , and ultimately designated Helicobacter cinaedi and Helicobacter fennelliae (Vandamme e t al., 1991) . Strain CLO-3, of which there was a single example, has remained unnamed (Totten e t al., 1985) . These studies showed that infectious intestinal pathogens are to be found also in Helicobacter, a genus originally established around the human gastric-adapted bacterium Helicobacter pylori. 
METHODS
Bacterial strains and culture conditions. Bacterial strains are listed in Table 1 . The 16 new CLO strains which are the subject of this study were provisionally referred to as the 'chicken-CLO ' group, although four isolates were from humans. Helicobacter spp., Campylobacter spp., Arcobacter, Wolinella and Bacteroides spp. were cultured microaerobically or anaerobically as previously described (Stanley et al., 1993) . Phenotypic characterization, protein electrophoresis and electron microscopy. The phenotype of the isolates was determined by employing previously described methods and media On & Holmes, 1991a , 1991a) . The colonial morphology of the isolates was recorded after 3 d microaerobic incubation on 5 % (v/v) horse blood agar at 37 "C. Tests were performed in duplicate and with freshly prepared media. Electron microscopy was carried out as previously described (Stanley e t al., 1992) . Protein samples were prepared, run on SDS-PAGE gels, dried and analysed as described by Costas (1 992).
Nucleic acid techniques. Genomic DNA preparation, DNA-DNA slot-blot hybridization and analysis by laser densitometry were as previously described (Stanley et al., 1992) . The parameters governing the DNA homology studies have been discussed previously (Boivin e t al., 1985 ; Lee & McGee, 1989) . Determination of mol% G + C content was by the thermal denaturation method (Owen & Pitcher, 1985) .
Polymerase chain reaction (PCR) amplification of a 1500 bp fragment of the 16s rRNA gene of NCTC 12824T and six other strains was done as described previously (Stanley e t al., 1993 QuickBASIC for use on IBM-PC compatible computers, and aligned as previously described (Paster & Dewhirst, 1988) . The database contains approximately 50 Helicobacter, Wolinella, Arcobacter and Campylobacter sequences and 300 sequences for other eubacteria. Similarity matrices were constructed from aligned sequences by using only those base positions for which 90% of the strains had data, and were corrected for multiple base changes by the method of Jukes & Cantor (1969) . Phylogenetic trees were constructed by the neighbour-joining method (Saitou & Nei, 1987) . The 16s rRNA gene sequences for NCTC 12824T, NCTC 12825, NCTC 12826, NCTC 12827, UB151, UB3166 and UB3659 have been deposited with GenBank; the accession numbers are given in Table 1 , which also shows the accession numbers for reference strains included in the phylogenetic analysis.
RESULTS

Biochemical characterization
Thirty-two phenotypic tests were performed o n the 16 ' chicken CLO ' strains, resulting in a phenotypic profile which was distinct from the other species within r R N A superfamily VI. All the strains examined produced cytochrome oxidase, reduced nitrate, and grew at both 37 "C and 42 "C under microaerobic conditions. All were resistant to cephalothin (blood agar, BA, base, 32 m g 1-'), cefoperazone (BA base, 64 m g 1-' ) and methyl orange (0.32%). None of the strains produced alkaline phos- UPGMA clustering. The resulting rooted dendrogram is shown in Fig. 1 . The 'chicken CLO' strains formed a distinct cluster at the 84% similarity level. The nearest neighbour to the group was the type strain of W. szlccinogenes, the banding pattern of which was only 55 ('LO similar. The most closely related species of Helicobacter was H.felis, the banding pattern of which exhibited 52 941 similarity. Campylobacters are not included in the dendrogram (Fig. l) , since they were well separated and since 16s rRNA sequence data (see below) indicated that the 'chicken CLOs' were not members of this genus.
DNA-DNA hybridization
The overall genetic relatedness between the chicken CLO strains and the type strains and other reference strains of the species of rRNA superfamily VI (Vandamme e t al., 1991) was determined by slot-blot hybridization (Boivin e t al., 1985; Lee & McGee, 1989 
Ultrastructure
Cells were gently curved rods, 3-4 pm in length and 0.3-0.5 pm in width. Flagella were single and unipolar; flagellar sheaths were not detected. An electron micrograph of strain NCTC 12827 is shown in Fig. 2 . Sequence of the 165 rRNA gene and phylogenetic analysis of H. pullorurn sp. nov.
For NCTC 12824T and the six other 'chicken CLO' strains for which GenBank accession numbers are provided in Table 1 the nucleotide sequence of the 16s rRNA gene was determined as described in Methods. Com-
DNA base composition
The DNA base compositions of NCTC 12824T, NCTC 12826, UB122 and UB3166 were determined as 34-5,35. Arcobacter and Campylobacter species are shown in a matrix (Table 3) . Comparisons were made at approximately 1400 base positions, for which data existed for over 90% of the strains ( parison of these sequences with other eubacterial 16s rRNA gene sequences in our database indicated that the strains should be excluded from Campylobacter and placed within the genus Helicobacter. The data for the seven strains were consistent with their belonging to a single species, since only minor sequence variation (1-8 out of 1398 nucleotides) was found in the 16s rRNA genes. On this basis we provisionally designated the ' chicken CLO ' group as a new species of Helicobacter, H. p~llorzlm sp. nov. Results of comparison of the 16s rRNA sequences with those for 27 strains representing Helicobacter, Wolinella, The 16s rRNA gene sequences of the seven strains were analysed in order to determine regions which would serve as species-specific priming sites for PCR amplification. A candidate forward primer was identified from nt 81 8-839, viz. 5' ATG AAT GCT AGT T G T TGT CAG 3'. A candidate reverse primer was identified from nt 1265-1247, viz. 5' GAT TGG CTC CAC TTC ACA 3'. The predicted PCR amplicon was 447 bp. Experiments were performed which tested the ability of the primers to amplify such a fragment from the 16 strains of H. ptrllortrm sp. nov., and from the type strains of the known species of ' and Wolinella succinogenes. Using an annealing temperature of 60 OC, no product was observed from any strain except those belonging to H. pullorum sp. nov. From all the latter strains a PCR amplicon of -450 bp was detected (Fig. 4) .
S T A N L E Y a n d O T H E R S
The microaerophilic nature, cytochrome oxidase activity and general morphology of the ' chicken CLO ' strains are typical of a species belonging to rRNA superfamily VI (Vandamme e t al., 1991) . From the molecular systematic analysis of the group it was evident that it was a previously undescribed Helicobacter species, for which we propose the name H. pullortlm sp. nov., to indicate its isolation from chickens. This new species is clearly distinguishable biochemically from other species of Helicobacter (see Table  2 ). It can readily be classified into the urease-negative enteric group of Helicobacter species (H. cinaedi, H. fennelliae and H. canif). The urease enzyme is considered necessary for survival in the acidic environment of the mammalian stomach, and is characteristic of the gastric helicobacters such as H. pjlori. Its absence in non-gastric Helicobacter species might be explicable on the basis that the deamination of urea in non-acidic environments would yield toxic end-products. Among the enteric helicobacters H. ptlllorum can be distinguished from H. fenlzelliae and H. canis by its ability to reduce nitrate and inability to hydrolyse indoxyl acetate. It differs from the Helicobacter strain CLO-3 by nitrate reduction, and its inability to produce alkaline phosphatase. The phenotype of H. pullorurn sp. nov. closely resembles that of H. cinaedi, but can be distinguished by growth at 42 "C. It is differentiated biochemically from the recently described avian species H. pametensis (to which it is most closely related in terms of 16s rRNA gene sequence) by inability to produce alkaline phosphatase, and resistance to cephalothin. The absence of alkaline phosphatase production also distinguishes H. pullorurn from the other, as yet unnamed strains designated Helicobacter sp. Bird-B and Bird-C in our phylogenetic database (Seymour e t al., 1994) .
The cellular ultrastructure (Fig. 2) was consistent with assignment to Helicobacter, but the flagellum was found not to be sheathed, the first such case for a Helicobacter species (Vandamme et al., 1991) . The monopolar flagellum, cellular ultrastructure and lack of complex surface features resemble those found in H. cinaedi and H. fennelliae (Han e t al., 1989) . Indeed, one or two polar flagella seem to be a common feature of the enteric, as opposed to gastric, species of Helicobacter. The 16 strains formed a tight cluster in the rooted dendrogram derived from SDS-PAGE protein analysis (Fig. 1) . This cluster was clearly separated from other Helicobacter species, the nearest of which was H. felis. The biochemically similar species H. cinaedi had a quite distinct total protein pattern (only 45% similarity) whilst H. H. pzlllorzlm is therefore likely to be an infective enteric pathogen. Its potential as a causative agent of serious gastrointestinal disease in humans is evidenced by the case of strain NCTC 12826, which was isolated from a young woman with chronic diarrhoea of one month's duration. Since the specific route of infection was not established for these human cases, the potential of H. pullorzlm in zoonotic infection should also be made a subject of further study. The PCR identification assay described in this report can be carried out from D N A or from cells and 
